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Abstract

Male rats were unilaterally castrated at 20, 30, or 40 days of age.
maining testis was removed. Fresh testis weight was not significantly affected by hemicastration.

Thirty days after hemicastration, the re-
LH and FSH
receptors were partially purified for high-sensitivity assay. An LH receptor assay using the Leydig cell fraction
showed that specific binding in rats hemicastrated at 20 and 30 days old was greater by 1.3 times than in control
rats of the same age given a sham operation. There was no change in the dissociation constant of LH receptors at
each age level between hemicastrated and control rats. An FSH receptor assay using the seminiferous tubule
fraction showed that there was no difference in specific binding between hemicastrated and control rats at each age
level.  Our previous experiments suggested that the total number of Leydig cells per testis is not significantly af-
fected by age or hemicastration and that Leydig cell size is not affected by either factor in 20~ and 30-day-old rats.
These results suggest that a compensatory increase in serum FSH concentration after hemiorchidectomy acts syn-

ergistically on LH-mediated testosterone synthesis in the testis and increases the number of LH receptors per Ley-

dig cell.

Introduction

Compensatory hypertrophy of the remaining testis oc-
curs after hemicastration in rats"”. The magnitude of
this response depends on the age at hemicastration. No
increase in the weight of the remaining testis is evident
in rats hemicastrated at 20 days old or later?”.  Puberty
in male rats starts at around 30 days old”. Although
there is no corresponding increase in testis weight, hemi-
castration of adult rats increases the Leydig cell volume
in the remaining testis””. Leydig cell numbers do not
change in either prepubertal or adult rat testes following
hemicastration®”.  An elevation in serum follicle-stim-
ulating hormone (FSH) concentrations occurs in hemi-
castrated rats”®’'% and the levels of serum testosterone
and dihydrotestosterone show age-related differences in
rats hemicastrated around the time of puberty”. How-

ever, serum luteinizing hormone (LH) concentrations do

not change after hemicastration”.

Furthermore, lutein-
izing hormone receptors do not increase in number in
adult rat after hemicastration'”"”.  The numbers of LH
and FSH receptors and testis weight are increased in pre-
pubertal hemicastrated rats'?, but little is known about
gonadotropin receptors in the remaining testis of pubertal
rats. On the basis of these observations, gonadotropin
receptors in the remaining testis may change their num-
ber or affinity after hemicastration in pubertal rats. In
the present study, we analyzed the changes in testicular
gonadotropin receptors in rats after hemicastration
around the time of puberty.

Materials and Methods

Animals
We used male Wistar rats from an isolated colony
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maintained at this laboratory. The rats were given rat
chow and water ad libitum. They were raised under a
controlled photoperiod (12L : 12D ; light on at 0600),
with the temperature maintained at 23 =2°C and the hu-
midity at 60 = 5%.
lowed the guidelines determined by the Institutional Ani-
mal Care and Use Committee (IACUC) of Tokyo
Medical University.

Treatment of Animals

The rats were unilaterally castrated at 20, 30, or 40
The left testis was

This project was approved and fol-

days of age under ether anesthesia.
externalized by an abdominal incision, and the blood
vessels and vas deferens were ligated with silk thread.
The testis was removed, the epididymis with its vessels
and the vas deferens were returned to the abdomen, and
the incision was sutured. Control rats were given a
sham operation; left testis and epididymis were external-
ized by an abdominal incision, then all of them were re-
turned to the abdomen, and the incision was sutured.
Thirty days after hemicastration, the rats were decapitat-
ed and their remaining testes were taken out and
weighed.
high-sensitivity analysis.

The receptors were partially purified for
The tunica albuginea was cut
The testis was held by a
pair of tweezers and shaken gently several times in 40
mM Tris - HCI buffer containing 5 mM MgSO, and 0.1%
bovine serum albumin (BSA, pH 7.4). The buffer was
then centrifuged (10,000xg, 10 min), and the precipitate
(Leydig cells) was used for the LH receptor assay. The
remaining tissue (seminiferous-tubule-rich fraction) was
removed with tweezers and used for the FSH receptor
Each fraction was

open and turned inside out.

assay. This fraction was minced.
homogenized with the buffer in a glass homogenizer with
a loosely fitted Teflon pestle. The homogenates were
filtered through a nylon mesh with a pore size of 250 um.
The concentration of the homogenate was adjusted to
contain the extract of 200 g of fresh testes per ml in each
age group. The filtrates were centrifuged for 10 min at
10,000xg. The resulting pellets were washed twice and
suspended in buffer. During all procedures, the prepa-
rations were kept at 4°C. The suspensions were stored
at —80°C until use. Just before use, the frozen suspen-
sions were thawed, diluted with buffer, homogenized
with the Teflon pestle homogenizer, and filtered through
the nylon mesh. The protein concentrations of the pel-
lets were determined by the method of Lowry et al.'”,
employing BSA as standard.

Iodination

NIADDK-rat LH(rLH)-1-8 and NIDDK-rat
FSH(rFSH)-1-8 were radioiodinated with '’ (Na'*’I, Ra-
diochemical Centre, Amersham, UK) by the lactoperoxi-
dase method at 4°C for 8 s.  Then 100 pl of 8% sucrose
and 0.6% sodium azide in 0.05 M phosphate buffer was
added to stop the reaction. Labeled hormone was par-
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tially purified on Sephadex G-75 columns. The specific
activities of ['*I]iodo-FSH and ['*I]iodo-LH were
70,000 cpm/ng and 13,000 cpm/ng respectively. The
iodinated hormones were stored at —20°C until use.

Hormone binding experiments

All reaction tubes were coated with BSA. For the
LH-binding assay, receptor preparation (100 pl ; 37.5 pg
protein) and ['*I]iodo-LH (50 ul; 0.79 ng) were incu-
bated while shaking at 37°C for 2 h, with or without un-
labeled LH (50 pl ; 5 pg NIH-LH-S19). For the FSH-
binding assay, receptor preparation (100 ul; 37.5 ug
protein) and ['*I]iodo-FSH (50 ul ; 0.50 ng) were incu-
bated while shaking at 37°C for 2 h, with or without un-
labeled FSH (50 ul ; 0.5 pg NIH-FSH-S21). At the
end of incubation, 1 ml cold Tris - HCI buffer (0.04 M ;
pH 7.4) containing 5 mM MgSO, was added to each
tube, and the tubes were centrifuged at 10,000 X g for 3
min at 4°C. The pellets were washed twice with cold
buffer, and the radioactivity of the resultant pellets was
counted in a well type gamma-counter (ARC-600, Alo-
ka, Tokyo, Japan). Different amounts of ['*I]-rLH or
['*I]-rFSH were incubated with or without an excess of
cold NIH-LH-I-8 or cold NIH-FSH-I-8 respectively.
The dissociation constant (Kd) and the number of bind-
ing sites (capacity) were determined from the Scatchard
plots'?.  Straight lines were fitted to the plots by the
least-squares method.  Statistics for linearity, precision,
and 95% confidence interval were computed according to
the methods of Bliss'.

Statistical analysis

All values were expressed as meanstSEM. Mean
differences between treatment groups were determined
using Duncan’s new multiple range test'”. Mean differ-
ences between each time period were determined using
Student’s t-test.
mined by analysis of variance.

Significant differences were deter-

Results

Testis weight increased progressively with age (P<
0.001) but was not significantly affected by hemicastra-
tion (Table 1). The specific binding of ['*’I]Jiodo-rLH
per equivalent protein content (37.5 pg) of Leydig cell
fraction was greater in rats hemicastrated at 20 and 30
days of age than in control rats of the same ages (£<0.05,
Table 2). The specific binding of ['*I]liodo-rFSH per
equivalent protein content (37.5 pg) of seminiferous tu-

Table 1 Fresh testis weights (rats were killed 30 days after
hemicastration) (g) (n=10)

Age at operation 20 days 30 days 40 days

Sham operation 1.01£0.017  1.32+0.020  1.42+0.018

Hemicastration 1.04+0.017  1.334£0.029  1.41+0.028

*Values are meanstSEM.

(2)
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Table 2 LH and FSH specific binding (binding in cpm/ug

protein)
Age at operation 20 days 30 days 40 days
LH specific binding (#=8)
Sham operation 26.27+1.52  23.01+1.07 31.25+1.31

Hemicastration 32.45+1.92" 32.43+2.11" 27.60+2.53

FSH specific binding (n=6)
24.91+1.08
28.42+1.47

27.41+0.88
25.96+1.80

25.96+1.66
26.68+1.03

Sham operation

Hemicastration

*Values are means£SEM.
‘P<0.05 vs. respective controls by Duncan’s new multiple
range test.

Table 3 Capacities of LH receptors (f mol/pg protein) (#=8)

Age at operation 20 days 30 days 40 days

0.0220+0.002 0.0181+0.001 0.0302+0.003
0.0191+0.003 0.0240+0.002" 0.0307+0.004

Sham operation

Hemicastration

*Values are means+SEM.
“P<0.05 vs. respective controls by Student’s t-test.

Table 4 Dissociation constant (Kd) of LH receptors (nM) (n=8)

Age at operation 20 days 30 days 40 days
Sham operation  0.132+0.012  0.122+0.006  0.129+0.012
Hemicastration ~ 0.116+0.007  0.120+0.007  0.136+0.016

*Values are means + SEM.

bule fraction was not significantly different between
hemicastrated and control rats of the same ages (Table 2).
A significant difference was detected in specific binding
of LH by Duncan’s new multiple range test, but there
was no significant difference in specific binding of FSH.
Therefore, further investigation was done only with the
LH binding experiments. To examine the number of
binding sites, we used Scatchard plot analyses of the spe-
cific binding of LH.  LH capacity was increased signifi-
cantly by 30% in rats hemicastrated at 30 days compared
with the corresponding controls (P<0.05, Table 3). No
difference in LH capacity between 20- or 40-day hemi-
castrated and control rats was observed in the Leydig cell
fraction. No significant differences were detected in the
Kd of LH receptors between hemicastrated and control
rats in any age group (Table 4).

Discussion

Hemicastration at 30 days of age increased the capaci-
ty of LH receptors in the remaining testis 30 days after
the operation. Brown and Chakraborty'” reported an
increase in LH and FSH receptor contents in prepubertal
hemicastrated rats that was related to an alteration in tes-
tis size. In the present study, testis weight did not
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change between hemicastrated rats and control rats given
a sham operation at any age, because the age at operation
was around puberty. In one of our previous reports”, in
rats hemicastrated at 20 days old, the concentration of
testosterone in controls exceeded that in hemicastrated
rats. However, in rats hemicastrated at 40 days old, the
situation was reversed. In rats hemicastrated at 30 days
old, the testosterone levels in the hemicastrated and con-
trol rats were essentially the same, and the plasma testos-
terone concentration was greater in both groups than in
Plasma dihydrotestosterone was
significantly higher in the 30- and 40-day hemicastrated
rats than in controls but was not significantly different
between the 20-day hemicastrated and control rats. The
volume densities of Leydig cells in 40-day hemicastrated
rats were significantly greater than in controls. The to-
tal number of Leydig cells per testis was not significantly
affected by age or hemicastration, and Leydig cell size
was not affected by either in 20- and 30-day-old rats.
Electron microscopy indicated that the organelles respon-
sible for producing steroids in rats hemicastrated either at
40 days old” or as adults'” were more active than those
in controls, but there were no differences in organelle
content between rats hemicastrated at 20 and 30 days old
and controls. The cytoplasmic features of Leydig cells
correlated with peripheral testosterone levels.

In this study, we used a crudely purified Leydig cell
fraction. Although recovery of receptors was low, the
receptor assay showed high sensitivity. In rats younger
than 20 days, Leydig cell have two types of receptors,
but by 50 days, they have only one'¥. Specific LH
bindings of Leydig cells in rats hemicastrated at 20 and
30 days old were higher than those of the controls. That
means that the Leydig cells in these rats had not become
hypertrophic by 30 days after the operation, although the
possibility was there. An increase in LH receptors per
equivalent protein was observed in rats hemicastrated at
30 days old. A progressively increasing LH receptor
population in the testes of maturing rats is a major factor
in the processes leading to sexual maturation'”. These
results suggest that the Leydig cells of these rats had pre-
pared to undergo hypertrophy. The serum FSH concen-
tration increased in hemicastrated rats but LH remained
unchanged®””'?.  Certain types of Leydig cells may be
a target for FSH stimulation®”, or FSH may regulate tes-
ticular steroidogenesis through Sertoli cell factors®"??.
One possible explanation is that FSH acts synergistically
on LH-mediated testosterone synthesis in the testis* and
increases the number of LH receptors per Leydig cell.
In conclusion, the capacity of LH receptors per equiva-
lent protein was increased 30 days after hemicastration at
30 days old without an increase in testis size.

the other age groups.

(3)
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